Abstract. Fermentation system is widely used for food manufacturing, materials processing and chemical reaction etc. Different types of blade in the tank for fermentation cause distinct stress distribution on the surface between fluid and blade, and appear various flow fields in the tank. So, this paper is mainly focused on analyzing the stress field of blades under different scales of blade with fixing rotational speed. The results show that the ratio of blade length to width influences stress distribution on the blades. At the same time, the inclined angle of blade is also the key parameter for the consideration of design and appropriate design will decrease the maximum stress. The results provide an effective means of gaining insights into the stress distribution of fermentation system.
Introduction
The original study of fermentation system is applied for the way of cultivating and producing acetone by tanks [1] . The most common problem that arose at the initial stage of the culture was the contamination of the antibacterial bodies. Without the help of appropriate tanks, the ones with lids were used at the outset; they could not be used, however, to proceed with steam-pasteurization under normal stress, so the kind of cylinder-shaped iron tanks with lids on the tops and semispherical bottoms were employed instead, and the pressurized steam-pasteurization was implemented.
The selections of appropriate fermentation tanks and fluids are the key of success during the process. Therefore, the design and choice of fermentation system has become highly significant. As far as the culture of microbes is concerned, the conditions of growth environment and the process should be treated differently according to different kinds of microbes; hence, the difference among the microbial systems should be taken into consideration when designing and manufacturing the fermentation tanks, so as to attain the optimal results under the suitable environment and conditions. Not only can the yield of microbes be greatly increased by the use of large-sized fermentation tanks, but the quality can be controlled to be stable with the steady provision of microbes, and the time span of culture can be substantially shortened, which can help save both time and energy [2] .
Fermenting is the most extensively applied unit operation, the relations of which with the principles of hydrodynamics, thermal conductivity, chemical reactions and so forth make it a complex existence. Fermenting can be applied to various and sundry production processes. In industries, for instance, it is utilized during the manufacturing process of numerous products to evenly separate the different chemical compounds to produce the assorted products that serve in different functions, such as adhesive, food products and so on [3] . The quality of products is influenced by the act of fermenting throughout the manufacturing process; if it fails during the manufacturing process, the products will end up being unsatisfactory, discordant in quality or unbalanced in constituents, which will not match up with our expectation [4] .
There are some common requirements of fermentation process which are determined by characteristics of products. It is also necessary to a fermenting tank throughout the process considering convectional circulation, and diffusion. So, the analysis of blades, rotational speed and the viscosity of fluid flow, will have different influences on different fermenting processes as well [5, 6] .
Geometric Design of the Fermentation System
Specification of a Fermentation Tank. The fermentation system employed in the experiment, as shown in Fig. 1 , includes a sealed cylindrical tank (without the passages that connect the inside and outside of the tank itself) whose diameter is 1.14m long, and the surface of the exterior wall is set to be non-slip. The relative specifications and the details of the dimensional parameters are shown in Table  1 . The baffles and blades are placed symmetrically; and the blade is set to rotate counterclockwise at the constant speed of 10 rpm for the simulation process. Boundary Conditions. In this study, a cylindrical tank is used and shown in Fig. 1 . The inside wall of tank is assumed as no-slip boundary. In Table 2 shows the scales of blade for numerical simulation. Fig. 2 shows us stress distributions of blade with different width of 0.015m(Rw=7.5), 0.025m(Rw=4.5), 0.035m(Rw=3.2), and 0.045m(Rw=2.5). In Fig. 2 , we analyze the stress generated onto the YZ surface of the blade, and the result shows that the absolute maximum stresses of these four cases are 3.975×10 -4 , 4.128×10 -4 , 2.831×10 -4 , and 3.381×10 -4 , respectively. Also, all maximum stresses occurs at the outer side away from the rotor. Fig. 4 shows that stress of blade with different length of 0.0975m(R L =6.5), 0.112m(R L =7.5), 0.1425m(R L =9.5). In  Fig. 4 , the stress is analyzed and generated onto the XY surface of the blade, and the result shows that the absolute maximum stress of R L =6.5 is 0.125 occurred at the interval of X[0.14,0.16] away from the rotor shown in Fig.4(a) . But, the maximum stress transfer to X[0.13,0.14] and the value decrease to 2.3×10 -3 shown in Fig. 4(b) . And in Fig. 4(c) , when R L increases to 9.5, the maximum stress occurs at the outside of blade X[0.2,0.22]. The inclined angle of blade influences the uniform situation of fermentor, and the thermal stress caused by the friction between blades and fluid and also influenced by the inclined angle of blade. Different inclined angles will induce different effects including reaction phenomenon, reactive heat, and thermal stress. So, it is necessary that the influence of inclined angle of blade should be analyzed.
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The results shown that as the inclined angle of blade is 30°, the stress distribution exists two different areas including positive and negative stress areas shown in Fig.6(a) . When the angle is further increased to 60°, the stress distribution reveals that the minimum stress occurs near the rotor shown in Fig.6(b) . From Fig. 7 , the stress distribution under different angles shows that the blade induced the suddenly positive stress at X=0.04m and then decreased to cause negative stress at X=0.08m when the angle equals to 60°. For the other three cases, the stress distributions are more stable and it is obtained that the larger inclined angle will cause the more variation. 
Conclusion.
From the simulation results, it is shown that the scales of the blades influence the stress distribution induced by fluid for a fermentation process. As the fluid flow to hit the blade, it causes different types of stress areas under specified parameters of blade scales. While the R w is increased, it doesn't mean that the absolute stress is increased. But, it is interesting that the stress varies suddenly at Y=0.14m for all cases. It is also obtained that the maximum stress acting on the blade for lower R L of the blade. And, for considering the influence of inclined angles of blade, the stress variations acting on the blade are increased for larger angles. The numerical results can be the guideline for the design of fermentor in a fermentation process to prevent the thermal stress induced by inappropriate blade scales.
